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  !"!#$!
 !"#$!%&#$'(&&)( +!",'-(&., '/-0%&.12% &%
+"'(!3&"#$. 4(2-., 0%0 +!%'.-", "6/#-"'-(&) 7("-
9.&%2.:(#0.2. /#-"'.,2. 2%72""6!%1"'%&.,. <=(&-
0% "6>(2"' '/-0%&.$"' 2"?($ #'.9($(-@#$'"'%$@ "6
/#-"'.,3 2%72""6!%1"'%&.,. A1'(#$&", :$" &%.6"-@-
B.( "6>(2) +!"9/0$"' '/-0%&.12% +!./!":(&) 0
c!(9.&&"-"0(%&.:(#0.2 3!(6$%2, 79( (?(7"9&" &% +"-
'(!3&"#$@ 4(2-. +"#$/+%($ 6"-(( 4.5–6.25 023 2%72%-
$.:(#0"7" 2%$(!.%-% [10, 11], ' $" '!(2, 0%0 ' #/69/0-
=."&&)3 "6#$%&"'0%3 #/22%!&)J KLL(0$ #"#$%'-,($
0.5–1.8 023 [6, 23, 25]. N"-@B"J "6>(2 '/-0%&.:(#0"J
+"#$!"J0. "$&"#.$(-@&" 9!/7.3 '/-0%&"' 9/7. ,'-,-
($#, "9&.2 .1 +!.1&%0"' %&"2%-@&"7" #/69/0=."&&"-
7" 7(&(1.#%. O%0 &% "#&"'%&.. 7("3.2.:(#0.3 +%!%2(-
$!"' . 9%&&)3 2%&$.J&"J $"2"7!%L.. 6)-" ')9(-(&"
#/69/0=."&&"( "0&" ' +!(9(-%3 P('(!&"J Q2(!.0%&-
#0"J 0"&$.&(&$%-@&"J "0!%.&) [44].
<6>(0$"2 9%&&"7" .##-(9"'%&., ,'-,($#, R<S –
$.+.:&%, "#$!"'"9/?&%, #.#$(2% O.3""0(%&#0"7"
0"-@=%. T+(!')( +"9!"6&"( "+.#%&.( 0%?9"7" '/-0%-
&.:(#0"7" #""!/?(&., R<S 6)-" 9%&" ' 2"&"7!%L..
U.P. U"!B0"'% [7]. T)+"-&(&&)( +"19&(( 9($%-@&)(
$(L!"3!"&"-"7.:(#0.( .##-(9"'%&., +"1'"-.-. "=(-
&.$@ "6>(2 +.!"0-%#$.:(#0"7" 2%$(!.%-% 9-, 2&"7.3
0!/+&)3 0%-@9(!""6!%1/WX.3 .1'(!?(&.J [18, 19, 21,
22]. T 70-3–90-3 77. ZZ '. 6)-. +!"'(9(&) 1&%:.$(-@-
&)( "6>(2) !%6"$ ' +!(9(-%3 R<S. P"$!/9&.0. &%/:-
&)3 "!7%&.1%=.J R%2:%$0., P%3%-.&% T-%9.'"#$"0%,
Z%6%!"'#0%, A!0/$#0%, \"#0') /:%#$'"'%-. ' K0#+(-
9.=.,3, "!7%&.1"'%&&)3 Q^_, ' $"2 :.#-( 2"!#0.3.
R"2+-(0#&)( 7("-"7"-7("L.1.:(#0.( .##-(9"'%&.,
`SR 551.2.03: 551.24: 551.21
%&'!() +!, !-,$+#).  /245#$,% 4/-$2674%8 %7,-% #%8 "/9$: 5#52$;
<-%7,-5#7, !##%9% -57<%2%=!#$> $ 7 >;6 7 ;%#%8 7/&"/4?$$
 .!. #$%&'()-*+,/0'1
!"#$% '()*+*,* -,./0(1.12++ + )34)51.12++ 678 9:%, #,.<-0= >+4?0 9, 2. >3*=1?0-.1-)/-C05D0*)/+4,
683006; e-mail: kuvikas@mail.ru 
 "#$/+.-% ' !(9%0=.W 3 "0$,6!, 2013 7.
A#+"-@1"'%&.( 0"#2.:(#0.3 #&.20"' ')#"0"7" !%1!(B(&., . 7("-"7.:(#0.3 9%&&)3 +"1'"-.-"
+"9#:.$%$@ "6>(2) :($'(!$.:&)3 '/-0%&"' R/!.-@#0"J o#$!"'&"J 9/7. (R<S). T)9(-(&&)( !%&((
P('(!&)J, h?&)J . j(&$!%-@&)J #(72(&$) 9/7. "$-.:%W$#, !,9"2 7("9.&%2.:(#0.3 +"0%1%$(-(J
. "6>(2%2. .1'(!?(&&)3 '/-0%&.:(#0.3 +"!"9. S-, P('(!&"7" . h?&"7" #(72(&$"' R<S $.+.:&)
2%0#.2%-@&)( 0"-.:(#$'% '/-0%&"' . #/22%!&)( "6>(2) '/-0%&.$"' '" L!"&$%-@&"J 1"&( # +"#$(-
+(&&)2 /6)'%&.(2 K$.3 +"0%1%$(-(J 0 $)-/ 9/7.. <9&%0" %&%-.1 !%#+!(9(-(&.J "6>(2"' '/-0%&.$"'
"$9(-@&" '1,$)3 '/-0%&"' #'.9($(-@#$'/($ "6 .3 /'(-.:(&.. "$ L!"&$% 0 $)-/ 9/7.. T $" ?( '!(2,,
6)-. "6&%!/?(&) '/-0%&.:(#0.( +"#$!"J0., !%12(! 0"$"!)3 &( 1%'.#(- "$ &%3"?9(&., "$&"#.$(-@-
&" #/69/=.!/WX(J#, +-.$). Q&%-.1 "+/6-.0"'%&&)3 7("L.1.:(#0.3 . 7("3.2.:(#0.3 9%&&)3, '
#"'"0/+&"#$. # +"-/:(&&)2. !(1/-@$%$%2., +"1'"-.- +!(9+"-"?.$@, :$" 0"-.:(#$'" '/-0%&"' . .3
!%#+"-"?(&.( "$&"#.$(-@&" ?(-"6% ' P('(!&"2 . h?&"2 #(72(&$%3 0"&$!"-.!/W$#, /#-"'.,2.
#?%$., '" L!"&$%-@&"J 1"&(. ^%#+!(9(-(&.( #/22%!&)3 "6>(2"' '/-0%&.$"' "$&"#.$(-@&" ?(-"6%
"6>,#&,W$#, !%1-.:&"J #$(+(&@W +%!=.%-@&"7" +-%'-(&.,. S-, j(&$!%-@&"7" #(72(&$% 3%!%0$(!&)
2%0#.2%-@&)( "6>(2) '/-0%&.$"' "$&"#.$(-@&" 9!/7.3 #(72(&$"' R<S. 4%'.#.2"#$@ "$ !%##$",&., 9"
7-/6"0"'"9&"7" ?(-"6% 19(#@ &( '),'-(&%. U("L.1.:(#0.( .##-(9"'%&., #'.9($(-@#$'/W$ " 2"X&"2
!%1!)'&"2 &%!/B(&.. ' +!(9(-%3 9%&&"7" #(72(&$%, #"+!"'"?9%WX(2#, %#$(&"#L(!&)2 %+'(--.&-
7"2. P"+"#$%'-(&.( !(1/-@$%$"' 2"!L"#$!/0$/!&"7" %&%-.1% !%#+!"#$!%&(&., "6>(2"' :($'(!$.:&)3
'/-0%&.$"' . "+/6-.0"'%&&)3 !%&(( 2%$(!.%-"' +" 7("3.2.. +"!"9 +"1'"-,W$ +!(9+"-"?.$@ &%-.:.(
#/69/0=."&&"7" "0&% ' j(&$!%-@&"2 #(72(&$( R<S.
*(23$,4$ 1(5,': @ABCDEFGHIJKLM@F, OGAPGIQLR, OGAPGIQL@KK@C @IK@,4GSLHTOIJR oOMS@FKJR PGUJ.
 !"#$%&-'()*+$,104
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«5()*+$!)!6» - «7.6+1». 7/!19/+$19#.$$!-19/(*9(/-
$%0 +$+)-; $+&!<".$-= #()*+$!# #%=#-) ;!$% 1 /+;-
)->$!0 )-$.0$!0  )!9$!19?@ #()*+$->.1*-& A.$9/!#
[1]. 2.1C!9/= $+ 9!, >9!  /!#.".$ ".9+)?$%0  !"1>.9
#()*+$->.1*-& A.$9/!# >.9#./9->$!6! #!;/+19+ #1.&
$+;.C$%& -  !"#!"$%& #()*+$!# EFG, $.=1$%C !19+-
#+)!1?, *+*!#! /+1 /.".).$-. !,H.C!# #()*+$->.1*!-
6! C+9./-+)+ *+* #"!)?, 9+* -  ! ./.* EFG. F1$!#$%.
A.)- "+$$!0 /+,!9% ;+*)@>+@91= # -;(>.$--  /!-
19/+$19#.$$!6! /+;C.I.$-=  /!=#).$-0 #()*+$-;C+,
#%=#).$-- !1!,.$$!19.0 /+1 /.".).$-= #()*+$->.-
1*!6! C+9./-+)+ #"!)? - #*/.19 "(6-, -11)."!#+$--
1!!9$!J.$-0 !,H.C!# #()*+$-;C+ 1 6.!"-$+C->.1*--
C- !1!,.$$!19=C- ;!$% 1(,"(*A--.
 !"#" $%!&'() +(,('-!,$&-$'( ,(."/(
7/!9=<.$$!19? EFG !9 C%1+ K! +9*+ $+ @6.
E+C>+9*- "! !. L!**+0"! 1!19+#)=.9 !*!)! 1200 *C.
5!;/+19 "(6- !A.$-#+.91= *+*  !;"$-0 C-!A.$ [2, 26].
5!;/+19 1(,"(A-/(@I.0 P-&!!*.+$1*!0  )-9% – !9
90 "! 118 C-))-!$!# ).9 [33], 1*!/!19?  !6/(<.$-=
 )-9% #"!)? "(6- #+/?-/(.9 !9 8.3 1C/6!" $+ 1.#./.
EFG "! 8.5 1C/6!" $+ @6. [31].
5  /.".)+& 9%)!#!0 ;!$% EFG,  ! "+$$%C 1.0-
1C->.1*!0 9!C!6/+V--, #%".)=@91= $.1*!)?*-& +$!-
C+)?$%& !,)+19.0 [30, 34]. 5 /+0!$.  /!)-#+ X(11!)?
V-*1-/(.91= !,J-/$+= $-;*!1*!/!19$+= +$!C+)-= $+
6)(,-$. 80–160 *C, >9! -$9./ /.9-/(.91= *+* +*9-#-
$%0  /!A.11  +/A-+)?$!6!  )+#).$-=  /- + #.))-$6.
C+$9-0$!6! #.I.19#+ [30]. 7! "+$$%C Y. Z!/,+9!#+
1 1!+#9!/+C- [34] - \. X(/!#!0 - 1!+#9!/+C- [30], #
1.#./!-;+ +"$!0 >+19- F&!91*!6! C!/= *+/9-/(.91=
#%1!*!1*!/!19$+= +$!C+)-= J-/-$!0 ,!).. 500 *C,
1(, +/+)).)?$+= 1!#/.C.$$!0 EFG, >9! "+.9 !1$!#+-
$-. ^9-C +#9!/+C  /." !)!<-9? $+)->-. /.)-*9+  !-
6/(;-#J.01= P-&!!*.+$1*!0  )-9%.
X!)?J(@ E(/-)?1*(@ "(6( !9)->+.9 #%1!*+=
1!#/.C.$$+= 9.*9!$->.1*+= - #()*+$->.1*+= +*9-#-
$!19?. 7! "+$$%C SVERT, ;".1? #%".)=@91= 36 +*-
9-#$%& $+;.C$%& - 116  !"#!"$%& #()*+$!# >.9#./-
9->$!6! #!;/+19+ [1, 5]. 5()*+$->.1*-.  !19/!0*-
/+1 /.".).$% $./+#$!C./$! - *!$A.$9/-/(@91= #
A. !>*+&, *!1!,  !" /+;$%C- (6)+C-, !/-.$9-/!#+$-
$%& !9$!1-9.)?$! !,I.6!  /!19-/+$-= "(6- [1].
P/+"-A-!$$! EFG /+;".)=@9 $+ 9/- 1.6C.$9+:
e<$%0, f.$9/+)?$%0 - 4.#./$%0 (/-1. 1). 5%".).$-
$%. 1.6C.$9% /+;)->+@91=  ! C!I$!19- *!/%, /+1-
19!=$-@ "! 1.01C!V!*+)?$!0 ;!$% -  ! /="( 6.!&--
C->.1*-&  /-;$+*!# #()*+$-9!# [1, 9, 39, 40]. Z/+$--
A% C.<"( #%".).$$%C- 1.6C.$9+C- #.1?C+ (1)!#$%.
4.#./$%0 1.6C.$9 #*)@>+.9 # 1.,= #()*+$%, /+1 !-
)!<.$$%.  /-,)-;-9.)?$! 1 51° 1.J.  ! 46.83° 1.J. E
"+$$!C( 1.6C.$9( !9$!1=91= 7+/+C(J-/1*+= 6/(  +
#()*+$!#,  ! ./.>$+= ;!$+ i+*+$/(J-, j-/-$*!9+$-
1*+= 6/(  + #()*+$!#, k+1J(+ - E.9!0, #()*+$% !. 4--
C(J-/. Z/(  % #()*+$!# "+$%  ! [1]. f.$9/+)?$%0
1.6C.$9  /."19+#).$, 6)+#$%C !,/+;!C,  !"#!"$%C-
#()*+$+C-  ! ./.>$!0 ;!$% X/!(9!$+ - #()*+$+C-
!19/!#!# j-/ !0 - X/!(9!$+. 5()*+$% !19/!#!# E(-
$+J-/, 39(/( , l/( #&!"=9 # e<$%0 1.6C.$9 EFG,
*!9!/%0 /+1 !)!<.$  /-,)-;-9.)?$! #  /.".)+&
46.14° 1.J. – 43.5° 1.J. 7!)$%0 1 -1!* -1 !)?;!#+$-
$%& # /+,!9. !,H.*9!# -  /-(/!>.$$!19? -& * ! /.".-
).$$%C 1.6C.$9+C "+$% # 9+,)-A..
5  /.".)+& EFG $+-,!).. J-/!*-C /+1 /!19/+-
$.$-.C  !)?;(@91=  )-!A.$->.9#./9->$%. 1(,"(*A--
!$$%. #()*+$-9%, 1!19+# *!9!/%& C.$=.91= !9 ,+;+)?-
,23. 1. F,;!/$+= 1&.C+ 19/(*9(/$!6!  !)!<.$-= #()*+$!# EFG.
7($*9-/$+= )-$-= !,!;$+>+.9 6/+$-A( E(/-)?1*!6! ;+"(6!#!6! ,+11.0$+.K-$-= 6)(,!*!#!"$!6! <.)!,+ -;!,/+<.$+ <-/$!0 )-$--
.0 1 9/.(6!)?$-*+C-. 7/-C.>+$-.: 9!>*+C-  !*+;+$%  /-,)-;-9.)?$%. /+1 !)!<.$-= */( $%& >.9#./9->$%& #()*+$!#. 7!)$%0
1 -1!* -1 !)?;!#+$$%& # /+,!9. #()*+$->.1*-&  !19/!.* -  /-$+").<$!19? -& * ! /.".).$$%C 1.6C.$9+C 1C. # 9+,)-A..
1058JK35L D3*-3=*+D(LM -,./0(+*1- C,=+.<)/14 1)*=1-(14 N,2+











1"&%S"-7"$%, ° '.9. |.!"$%, ° #.B.
1 2 3 4 5 6 7
7CFCSKE[ OCUDCKM
Q$-%#"'%
+.'. U!.7"!@('% (1.1) 155.26 50.57 40 260 O
Q-%.9 155.565 50.8612 285 247 O
+.'. 1.2 155.24 50.32 30 224  
+.'. 1.3 154.13 50.20 15 183 }
+.'. 1.4 154.216 50.20 16.08 258 O
 %!%2/B.!
N"79%&"'.:% 155.9964 50.6227 3.08 207  
T(!&%9#0"7" 155.9521 50.5437 7.58 203  
}(!#2%&% 155.8448 50.5112 4.96 205  
{.0/!%:0. 155.458 50.3274 54.26 213  
O%$%!.&"'% 155.443 50.2994 16.28 208  
n"2"&"#"'% 155.4315 50.2514 7.81 206  
 .0 }/##% 155.246 50.2671 90* 216  
Ä6(0" 156.0146 50.6864 12.59 212  
R%!+.&#0"7" 155.3699 50.1299 4.63 202  
Q&=.L(!"'%
|.!.&0. 154.9822 50.1969 140* 227  
+.'. N(-,&0.&% (2.1) 154.09 49.56 35 245 O
+.'. P2.!&"'% (2.2) 154.21 49.55 20 234  
+.'. Q'"#@ (2.3) 154.07 49.43 50 244 O
+.'. 2.4 154.14 49.39 10 228  
+.'. 2.5 154.19 49.37 18 223  
+.'. 2.6 154.41 49.4 7 211  
\%0%&!/B.
\%0%!/&B. 154.4281 49.7759 260* 233 O
+.'. 2.7 154.18 49.25 20 210  
+.'. 2.8 154.1 49.23 40 211  
<&(0"$%&
_(2" 154.8127 49.5648 80* 195 }
R!(&.=)&% 154.7072 49.3513 5.03 189 }
O%"-^/#)! (!(0.) 154.7072 49.3513 94.94 189 }
+.'. Ä9(-@B$(J&% (3.16) 153.29 49.14 315 242 O
+.'. 3.2 154.1 49.08 10 200  
+.'. 3.3 154.01 49.05 110 199 }
Z%!.20"$%&
P('(!7.&% 154.5145 49.07 35* 176 }
+.'. 3.4 154.22 48.57 1 168 }
+.'. 3.5 153.37 48.55 1.4 189 }
+.'. ^%$2%&"'% (3.6) 153.42 48.5 180 187 }
+.'. \%0%!"'% (3.7) 153.15 48.5 120 206  
+.'. 3.8 152.55 48.48 50 226 O
+.'. 3.9 153.23 48.4 150 207  
+.'. 3.10 153.57 48.39 30 175 }
+.'. n"'/B0. (3.11) 153.51 48.32 70 170 }
{.!.&0"$%&
Ä0%!2%
{.!.&0"$%& 153.4842 48.979 270* 227  
Ä0%!2% 153.9511 48.9462 145* 195 }
+.'. 3.12 153.46 48.26 6 170 }
+.'. 3.13 153.42 48.23 20 170 }
+.'. 3.14 153.07 48.36 140 215  
+.'. 3.15 153.18 48.34 20 198 }
+.'. 3.16 153.08 48.28 190 210  
#3=20.<-C,-+/0)106
,JAHLQJ (^S@P@H_CKLC).
1 2 3 4 5 6 7
|.%B0"$%&
P.&%!0% 154.1505 48.8564 109.46 178 }
R/&$"2.&%! 154.0182 48.7522 18.55 178 }
+.'. 3.17 152.58 48.23 8 204  
+.'. 3.18 153.1 48.2 150 189 }
+.'. 3.19 153.31 48.12 40 165 }
+.'. 3.20 153.21 48.12 30 165 }
^%J0"0( ^%J0"0( 153.2499 48.2918 180* 192 }
\%$/%
P%!):('% 153.1981 48.0914 25 187 }
+.'. 4.1 152.49 48.13 7 210  
+.'. 4.2 152.38 47.59 45 199 }
+.'. 4.3 153.08 47.56 50 170 }
+.'. 4.4 152.55 47.5 8 173 }
+.'. P!(9&(7" (4.5) 152.52 47.36 50 164 }
+.'. ^.00"!9% (4.6) 152.41 47.25 50 170 }
+.'. h6.-(J&)J (5.1) 152.12 47.36 250 206  
+.'. 5.2 152.10 47.28 40 211  
+.'. 5.3 151.55 47.27 65 204  
+.'.  (7%# (5.4) 152.01 47.25 45 208  
+.'. 5.5 152.05 47.21 9 208  
+.'. n.#,&#0"7" (5.6) 152.1 47.15 30 187 }
^%#B/% ^%#B/% 153.0077 47.7479 14.78 173 }
`B.B.! `B.B.! (!(0.) 152.839 47.541 1.92 174 }
^%+"&0.:% ^%+"&0.:% (!(0.) 152.86 47.5392 0.2 174 }
R($"J  %--%#% 152.4768 47.3442 22.9 177 }
P.2/B.!
6/3$% N!"/$"&% 152.22 47.14 30* 182 }
`!/$2%& (!(0.) 152.2213 47.1446 66.77 183 }
`!/$2%& (#"'!.) 152.2465 47.1212 2.2 183 }
 !('" 152.1156 47.0125 21.02 181 }
A0%&2.0"$ 152.0675 46.9449 1.94 180 }
4%'%!.=0"7" 1 (!(0.) 151.9502 46.9228 131.29 186 }
4%'%!.=0"7" 2 (!(0.) 151.9502 46.9228 64.81 186 }
4%'%!.=0"7" 3 (!(0.) 151.9502 46.9228 5.32 186 }
\.-@&% 151.7857 46.8168 46.8 179 }
U"!,X%, P"+0% 151.7531 46.8322 33.42 184 }
?CKMSJHTKE[ OCUDCKM
P.2/B.!
+.'. 6.1 150.43 47.15 425 268 T
+.'. <6!/:('% (6.2) 150.28 47.07 400 277 T
+.'. 6.3 150.47 47.05 300 263 T
+.'. 6.4 151.07 47.03 280 253 T
+.'. 6.5% 150.07 47.00 61 288 T
+.'. 6.56 150.07 47.00 66 288 T
+.'. T%'.-"'% (6.6) 150.24 46.58 100 266 T
+.'. T%'.-"'% (6.7) 150.28 46.53 300 270 T
+.'. T%'.-"'% (6.8) 150.29 46.54 350 260 T
+.'. 6.9 150.47 46.56 9 258 T
+.'. 6.10 150.39 46.45 3 254 T
+.'.R%-@9(!% U"!B0"'%
(6.11%) 150.52 46.28 600 229
 
+.'. R%-@9(!% U"!B0"'%
(6.116) 150.87 46.47 600 229
 
+.'. Q!3%&7(-@#0"7"
(6.126) 151.26 46.32 350 179
}
1078JK35L D3*-3=*+D(LM -,./0(+*1- C,=+.<)/14 1)*=1-(14 N,2+
,JAHLQJ (^S@P@H_CKLC).
1 2 3 4 5 6 7
P.2/B.!
+.'. Q!3%&7(-@#0"7"
(6.12%) 151.17 46.28 450 179
}
+.'. 6.13 151.48 46.35 250 160 }
+.'.6.14 150.16 46.17 80 214  
N!"/$"&% N!"/$"&% 150.7328 46.7225 800* 237  
{.!+"J
{.!+"J 150.8717 46.5328 1.33 214  
0!%$(! {(!&"7" (!(0.) 150.8669 46.5223 1.93 214  
P&"/ 150.8595 46.5105 1.45 214  
N!%$-{.!+"(' N!%$ {.!+"(' (#"'!.) 150.7935 46.4633 2.21 214  N!%$ {.!+"(' (!(0.) 150.7935 46.4633 3.1 214  
b_KE[ OCUDCKM
`!/+
Q&$.+.&% 150.2294 46.1483 3.44 200 }
O!(1/6(= 150.1018 46.069 1.33 201 }
N(!7% (!(0.) 150.0657 46.061 24.88 208 }
R"-"0"- 150.0485 46.0439 2.47 209 }
N"!1"'% 150.0389 46.0355 3.31 210 }
^/9%0"'% (!(0.) 149.8225 45.8733 1.28 200 }
A'%"-T)#"0%, 149.6711 45.7549 3.4 197 }
+.'.7.1 148.29 46.06 50 264  
+.'.7.2 148.73 46 70 236  
+.'.7.3 148.4 45.56 45 230 }
+.'.7.4 148.43 45.53 91 213 }
+.'.7.5 148.32 45.45 90 236  
+.'.N(!7% (7.6) 148.5 45.43 105 206 }
+.'.7.7 148.19 45.47 30 265  
+.'.7.8 148.14 45.44 20 258  
+.'.7.9 148.18 45.41 1.5 221 }
+.'.7.10 148.22 45.38 45 220 }
+.'.7.11% 148.17 45.31 30 220 }
+.'.7.116 148.12 45.3 35 220 }
+.'.7.11' 148.1 45.24 40 220 }
+.'.7.12 147.44 46.03 160 220 }
+.'.7.13% 147.49 46.02 90 252  
+.'.7.136 147.83 46.04 90 254  
+.'.7.14% 147.56 46.016 205 248  
+.'.7.146 147.56 46.01 205 248  
+.'.7.15 147.56 45.46 20 248  
+.'.7.16 147.53 45.37 25 239  
+.'.7.19 147.65 46.04 1.4 240  
+.'.7.20 148.081 45.95 10 235  
A$/!/+
R%2/J (!(0.1) 148.8202 45.5101 36.75 202 }
R%2/J (!(0.2) 148.7658 45.5072 32.84 202 }
\(9'(?@, 148.8403 45.3922 10.02 189 }
S(2"& (!(0.) 148.8604 45.5027 19.87 203 }
R/9!,')J 148.8233 45.3868 7.79 189 }
\-%9B.J N!%$ 148.8105 45.3829 3.93 190 }
R%-@9(!% \(9'(?@, 148.8402 45.3830 45* 189 }
{.!.+ 147.9124 45.3789 225* 223 }
N"79%& Z2(-@&.=0.J 147.9205 45.3382 225* 215 }
A+%$% (!(0.) 148.0609 45.1538 28.07 215 }
N%!%&#0"7" 148.0143 45.1031 9.78 200 }
O(6(&@0"'% 147.9176 45.0283 15.55 201 }
S!%0"& 147.8868 45.0196 1.08 203 }
\%:(3% 147.9376 45.0082 0.78 200 }
A'%& U!"1&)J 147.8724 45.0107 2.86 197 }
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 !"#$%! (')'*+!*$,).
."*/!0$1*!. !"##$% &' &'()'(#$* )+,-"#"* – &' [1]. * – 0%23'43'#','567%8-6% ("##$% – &' [18, 19]. <.). – &'()'(#$= )+,-"#,
8')3. – 8')3%*%##$= -'#+8, 3%-. – 3%-'#8>3+63+%*"? &'8>3'=-" )+,-"#", )$876>"##"? &' +5,"* #"-,'#" 8'43"#6)-
A%=8? 7"8>6 &'8>3'=-6, 2 – 23'#>",B#"? C'#", & – &3'*%D+>'7#"? C'#", > – >$,')"? C'#".
>') (' 36',6>'), 8 )"36"E6%= 'FG%*#$4 8''>#'A%#6=
) 3"C#$4 8%5*%#>"4 (+56. H(#"-', ) E%,'*, C(%8B &3%-
'F,"("I> "#(%C6F"C",B>$ 6 "#(%C6>$ (60–70 %) [2].
/2 34526 5/3 79: 5;;6397<2=5>
!"##$% ' 3"8&','D%#66 #"C%*#$4 )+,-"#6>')
6 64 )'C3"8>% F$,6 C"6*8>)')"#$ 6C Q>,"8" R+36,B-
8-64 '8>3')') [15], 'FG%*"4 &'()'(#$4 )+,-"#') –
6C F"C$ ("##$4 ,"F'3">'366 &'()'(#'5' )+,-"#6C*"
TU6V !UH WQX, )-,I7"IY%= 3%C+,B>">$, &36)%-
(%##$% ) *'#'53"266 &' &'()'(#'*+ )+,-"#6C*+
RH! [1]. HFG%*$ &3'(+->') )+,-"#6C*", 82'3*63'-
)"##$4 ) 7%>)%3>67#'% )3%*?, )$768,?,68B 8 &'*'-
YBI 2+#-E66 &'8>3'%#6? &3'26,%= &' &3'53"**%
Google Map (368. 2). <,'Y"(#'% 3"8&3'8>3"#%#6%
7%>)%3>67#$4 &'3'( 'E%#6)",'8B #" '8#')% 5%','56-
7%8-64 -"3> [15] 6 -'8*67%8-64 8#6*-'). !,? -,"8-
867%8-64 8>3">')+,-"#') 68&',BC')","8B 2'3*+,"
-'#+8". !,? )+,-"#'), 6*%IY64 2'3*+ V'**"-U%C+-
)6= 6,6 8,'D#+I 8>3+->+3+ &'8>3'=-6, 68&',BC')"-
,"8B 2'3*+," +8%7%##'5' -'#+8". HFG%*$ &'8>3'%-
-3+&#$4 -",B(%3#$4 -'*&,%-8') 'E%#6)",68B &36-
F,6C6>%,B#' &' +5,"* #"-,'#" 8'43"#6)A648? 8-,'-
#') &'8>3'=-6 (368. 2). <',+7%##$% ("##$% 83")#6-
)",68B 8 3%C+,B>">"*6 >%23'43'#','567%8-64 688,%-
(')"#6= [18], F',BA6#8>)' &',+7%##$4 768,%##$4
("##$4 8')&"("I> 8 '&+F,6-')"##$*6, 7>' 8)6(%-
>%,B8>)+%> ' &3")'*%3#'8>6 &'(4'(" 6 ('8>')%3#'-
8>6 3%C+,B>">'). W%C+,B>">$ 3"87%>') &3%(8>"),%#$
) >"F,6E%.
U+,-"#$, 3"8&','D%##$% #" -3+&#$4 '8>3')"4,
-"- &3")6,', ) '8#')"#66 6*%I> &,6'E%#')$= 6 3"#-
#%&,%=8>'E%#')$= 2+#("*%#>, 7>' ("%> )'C*'D#'8>B
('8>">'7#' >'7#' &'(876>">B 'FG%* )+,-"#67%8-'=
1 2 3 4 5 6 7
T>+3+&
R%(3')-" 147.8374 45.0041 0.31 204 `
b'#'&+36 147.8364 44.9928 3.39 197 `
W%F+#A636 147.7975 44.9638 4.36 197 `
b%()%D'#'- 147.4587 44.9419 2.91 206 `
c+3%)%8>#6- 147.4093 44.8635 22.38 201 `
V>'-"& 147.3428 44.8374 74.23 211 `
Q>8'#'&+36 147.1277 44.8076 9.43 218 `
b",%%)" 147.2089 44.6557 8.47 200 `
dB)6#"? <"8>B 147.0072 44.599 170* 213 `
c%3+>"3+F% 146.9248 44.4614 50* 205 `
&.).8.1 147.48 45.53 270 252 <
&.).8.2 147.27 45.27 50 240 <
&.).8.3 147.28 45.23 9 234 `
&.).R3$,">-" (8.4) 147.25 45.16 140 219 `
&.).8.5 146.3 45.15 20 281 T
&.).8.6 146.37 45.14 30 281 T
&.).8.7 146.06 45 75 282 T
&.).8.8 146.37 45.03 30 282 T
&.).8.9 146.47 45.02 15 282 T
&.).8.10 147.01 45.01 60 244 <
&.).8.11 147.05 45.02 10 244 <
&.).8.12 147.12 45.02 15 244 <
&.).8.13 146.27 44.53 110 260 <
&.).8.14 146.24 44.49 35 250 <
&.).8.15 146.33 44.49 4 265 <
&.).8.16 146.37 44.49 3.5 250 <
&.).8.17 146.01 44.48 45 257 <
R+#"A63
W+3+= 146.1396 44.4552 52.75 245 <
0?>? (3%-.) 146.2478 44.3544 90* 228 `
0?>? (8')3.) 146.2478 44.3544 0.27 228 `
b%#(%,%%)" 145.7325 43.9782 60* 221 `
h',')#6#" 145.5053 43.843 15* 220 `
1098JK35L D3*-3=*+D(LM -,./0(+*1- C,=+.<)/14 1)*=1-(14 N,2+
+"#$!"J0., #L"!2.!"'%'B(J#, ' :($'(!$.:&"( '!(2,.
O%0, .#+"-@1"'%&.( 0"#2.:(#0.3 #&.20"' . 7("-"-
7.:(#0.3 9%&&)3 +"1'"-.-" !%##:.$%$@ "6>(2) 9-,
$%0.3 '/-0%&"', 0%0 N"79%& Z2(-@&.=0.J, {.!.+, R%-
2/J, R!(&.=)&%,  .0 }/##%, 7. \(9'(?@,.
T +!(9(-%3 R<S ')9(-,($#, 6"-@B"( 0"-.:(#$-
'" '/-0%&"', &%:.&%'B.3 #'"W 9(,$(-@&"#$@ ' +"9-
'"9&)3 /#-"'.,3 . '+"#-(9#$'.. !%1'.'%WX.3#, '
&%1(2&)( +"#$!"J0., &%1'%&)( +"-/+"9'"9&)2.
'/-0%&%2., . "9.&":&)3 '/-0%&"'-"#$!"'"'. T K$"2
#-/:%( 9"#$%$":&" #-"?&" 9"#$"'(!&" !%#+"1&%$@
.#$.&&)( "6>(2) :($'(!$.:&)3 '/-0%&.$"'. <9&%0"
+!. 6"-(( 9($%-@&"2 %&%-.1( 7("-"7.:(#0.3 9%&&)3
2) '.9.2, :$" $%0.( '/-0%&), 0%0 ^%#B/%, P%!):('%,
R/&$"2.&%!, P.&%!0%, ' &%9'"9&"J :%#$. +"#$!"J0.
.2(W$ "#&"'%&.( +-."=(&"'"7" '"1!%#$%, :$" 9%($
'"12"?&"#$@ 9"#$%$":&" $":&" ')#:.$%$@ "6>(2)
:($'(!$.:&)3 +"!"9.
-LO. 2.  !.2(! +"#$!"(&., +!"L.-(J ' +!"7!%22( Google Map.
Q – +!.2(! '):.#-(&.J "6>(2"' '/-0%&.:(#0"7" 2%$(!.%-% 0%-@9(!) O%"-^/#)! . #"'!(2(&&"7" 9(J#$'/WX(7" +"#$0%-@9(!&"7"
'/-0%&%  .0 R!(&.=)&%.  /&0$.!&"J -.&.(J "6"1&%:(&% +!.6-.1.$(-@&%, ')#"$% 9"0%-@9(!&"7" '/-0%&%, !%##:.$%&&%, +" /7-%2
#"3!%&.'B.3#, #0-"&"'.}"!2% 9"0%-@9(!&"J +"#$!"J0. . #"'!(2(&&"7" #$!%$"'/-0%&% +!.&.2%-.#@ 1% 0-%##.:(#0.J 0"&/# . .3
"6>(2) ')#:.$)'%-.#@ +" L"!2/-( 0"&/#%. N – +!.2(! '):.#-(&.J 9-, '/-0%&"', .2(WX.3 #-"?&/W L"!2/ +"#$!"J0. # /#(:(&-
&"J '(!B.&"J. _% #&.20( '/-0%&  %--%#%. S-, '):.#-(&.J .#+"-@1"'%-%#@ L"!2/-% /#(:(&&"7" 0"&/#%.  %!%2($!) '):.#-(&.J
+"0%1%&) &% +!"L.-,3.
#3=20.<-C,-+/0)110
P-"?&(( !%##:.$%$@ !%12(!) :($'(!$.:&"7" '/--
0%&%-"#$!"'%, &( .2(WX(7" L/&9%2(&$% ' &%9'"9&"J
:%#$.. T K$/ 7!/++/ +"+%9%W$ #-(9/WX.( +"#$!"J-
0.: N!"/$"&%, {.!+"J,  %--%#%, `B.B.!, ^%J0"0(,
Ä0%!2%, P('(!7.&%, |.!.&0., Q-%.9. T K$"2 #-/:%(
+!.'(9(&&)( ' $%6-.=( "6>(2) /#-"'&) . 6)-. !%#-
#:.$%&) $"-@0" &% "#&"'( &%9'"9&"J :%#$. +"#$!"J-
0.. N"-@B.&#$'" '/-0%&"' K$"J 7!/++) 6)-. 9($%-@-
&" .1/:(&) A.T. \(-(0(#=(')2 . T.T.  "&"2%!('"J
[18], :.#-(&&)( 1&%:(&.,, +"-/:(&&)( %'$"!%2., +!.-
'(9(&) ' $%6-.=(. T =.$.!/(2"J +/6-.0%=.. "6>(2)
+"-/+"9'"9&)3 '/-0%&"' !%##:.$)'%-.#@ # /:($"2
+"9'"9&"J +"#$!"J0..
-!;/26,5,) $ %&7/="!#$!
S-, %&%-.1% +!"#$!%&#$'(&&"7" !%#+!(9(-(&.,
'/-0%&.12% ' +!(9(-%3 R<S 6)- +!"'(9(& +"9#:($ 0"-
-.:(#$'% '/-0%&.:(#0.3 +"#$!"(0 . .3 "6>(2"' '9"-@
. '0!(#$ 9/7..  "9#:($ 0"-.:(#$'% '/-0%&"' . #""$-
&"B(&., .3 "6>(2"' '0!(#$ 9/7. +"1'"-.-. '),'.$@
:.#-(&&)( 3%!%0$(!.#$.0. B.!.&) +"+(!(:&)3 1"& '
1%'.#.2"#$. "$ +"-"?(&., "$&"#.$(-@&" 7-/6"0"'"9-
&"7" ?(-"6% '" '#(3 $!(3 #(72(&$%3 R<S (!.#. 3, 4).
|.!.&% '/-0%&.:(#0"7" +",#% P('(!&"7" #(7-
2(&$% #"#$%'-,($ 90 02 (!.#. 3, 4). \%0#.2/2) #/2-
2%!&)3 "6>(2"' '/-0%&.$"' +!./!":(&) 0 L!"&$%-@-
&"J 1"&( (~1300 023) # +"#$(+(&&)2 /2(&@B(&.(2 0
$)-"'"J 1"&( 9/7. (~800 023). R"-.:(#$'" '/-0%&"'
$%0?( +"#$(+(&&" /6)'%($ "$ L!"&$%-@&"J 0 $)-"'"J
1"&( (!.#. 3). N)-. +"#$!"(&) 9.%7!%22) 1%'.#.2"-
#$. "6>(2"' '/-0%&"' "$ +"-"?(&., "$&"#.$(-@&"
R/!.-"-R%2:%$#0"7" ?(-"6% (!.#. 5). T)9(-,W$#, 9'%
$!(&9% .12(&(&., "6>(2"' '/-0%&"'.  (!')J 3%!%0$(-
!.1/($#, 6-.10.2. "6>(2%2. '/-0%&.$"' "$9(-@&)3
'/-0%&"' (< 50 023) '&( 1%'.#.2"#$. "$ !%##$",&., 9"
7-/6"0"'"9&"7" ?(-"6%. T$"!"J $!(&9 9(2"&#$!.!/($
/'(-.:(&.( "6>(2"' +"#$!"(0 "$ L!"&$%-@&"J (50–
75 023) 9" $)-"'"J 1"&) (350 023) (!.#. 5).
S-, j(&$!%-@&"7" #(72(&$% R/!.- 3%!%0$(!-
&) 2%0#.2%-@&)( #/22%!&)( "6>(2) '/-0%&.$"'
(~ 4000 023), "6!%1"'%&&)(, 7-%'&)2 "6!%1"2, 1% #:($
0!/+&)3 +"9'"9&)3 0%-@9(!&)3 0"2+-(0#"' (!.#. 6).
|.!.&% '/-0%&.:(#0"J 9/7. 19(#@ /'(-.:.'%($#, 9"
130 02. A&$(!(#&"J "#"6(&&"#$@W #(72(&$% ,'-,($-
#, $", :$" +"+(!(:&)( 1"&) 3"!"B" ')9(-,W$#, . +"
0"-.:(#$'/ '/-0%&"', . +" #/22%!&"2/ "6>(2/ '/--
0%&.$"'.  !"2(?/$0. 2(?9/ 1"&%2. #"#$%'-,W$ "$
10–30 02 (!.#. 3, 4). 4%'.#.2"#$. "6>(2"' "$9(-@&)3
'/-0%&"' "$ !%##$",&.J 9" ?(-"6% 19(#@ &( +!"#-(?.-
'%($#, (!.#. 5).  !.6-.1.$(-@&" !%'&)( #/22%!&)(
"6>(2) '/-0%&.$"' &%6-W9%W$#, ' +!"2(?/$":&"J .
$)-"'"J 1"&%3 (!.#. 4).
-LO. 3. S.%7!%22) 0"-.:(#$'% '/-0%&"' ' 1%'.#.2"#$.
"$ !%##$",&., 9" 7-/6"0"'"9&"7" ?(-"6% ('0!(#$ 9/7.).
 /&0$.!&)( -.&.. "6"1&%:%W$ /#-"'&)( 7!%&.=) +"+(!(:&)3
$(0$"&.:(#0.3 1"&. 4"&):L1 –L!"&$%-@&%,, +1 – +!"2(?/$":&%,,
$1 – $)-"'%,.
|.!.&% %0$.'&"7" '/-0%&.:(#0"7" +",#% h?&"-
7" #(72(&$% #"#$%'-,($ +!.6-.1.$(-@&" 110 02. <6>-
(2 '/-0%&.:(#0.3 +"#$!"(0 '%!@.!/($ ' &(6"-@B.3
+!(9(-%3 "$ 25 9" 100 023 '&( 1%'.#.2"#$. "$ !%##$"-
,&., 9" ?(-"6%. }.7/!%$.'&)( $":0. :%#$. '/-0%&"'
"6!%1/W$ $!(&9, 9(2"&#$!.!/WX.J /'(-.:(&.( "6>(-
2"' '/-0%&"' "$ L!"&$% (~100 023) 9" $)-% (~300 023)
(!.#. 5). R"-.:(#$'" '/-0%&"' . #/22%!&)( "6>(2)
1118JK35L D3*-3=*+D(LM -,./0(+*1- C,=+.<)/14 1)*=1-(14 N,2+
'/-0%&.$"' 2%0#.2%-@&) ' L!"&$%-@&"J 1"&( . +"-
#$(+(&&" /6)'%W$ 0 $)-/ 9/7..
O%0.2 "6!%1"2, %&%-.1 +!"#$!%&#$'(&&"7" !%#-
+!(9(-(&., :($'(!$.:&"7" '/-0%&.12% +"1'"-.-
"+!(9(-.$@ 7!%&.=) +"+(!(:&)3 1"& . !%12(!) %0-
$.'&)3 '/-0%&.:(#0.3 +",#"' '#(3 $!(3 c(72(&$"'
R<S.  "-/:(&&)( !%1-.:., "6>,#&.2) !%1&)2.
/7-%2. &%0-"&% +"7!/?%WX(J#, +-.$). ^%12(X(&.(
'/-0%&"' "$&"#.$(-@&" ?(-"6% (!.#. 7) 9.0$/($#,
'(-.:.&"J /7-% &%0-"&% +"7!/?%WX(J#, +-.$), +"
#(J#2"-"7.:(#0.2 9%&&)2 [1, 39], . &%-.:.(2 !%1-
-"2&"J 1"&) ' j(&$!%-@&"2 #(72(&$( R<S, ' +!"-
-.'( N/##"-@.  " 9%&&)2 q. P%!%0/1) . 9!. [39], +"9
P('(!&)2. R/!.-%2. /7"- &%0-"&% +"7!/?%WX(J
+-.$) #"#$%'-,($ 50.4°, :$" #""$'($#$'/($ !%##$",-
&.W '/-0%&.:(#0"7" L!"&$% "$ ?(-"6% 170 02. S-,
h?&)3 R/!.- /7"- &%0-"&% #/69/=.!/WB(J#, +-.-
$) #"#$%'-,($ 46.4°, #""$'($#$'(&&", !%##$",&.( "$
?(-"6% 9" L!"&$% – 185 02.
S-, j(&$!%-@&"7" #(72(&$% 1%'.#.2"#$@ "6>(-
2"' '/-0%&.$"' . 0"-.:(#$'% '/-0%&"' "$ !%##$",&.J
9" ?(-"6% &( '),'.-%#@. |.!.&% '/-0%&.:(#0"7" +"-
-LO. 4.S.%7!%22) 1%'.#.2"#$. #/22%!&)3 "6>(2"' '/--
0%&.$"' "$ !%##$",&.J 9" 7-/6"0"'"9&"7" ?(-"6%.
#`-"'&)( "6"1&%:(&., #2. &% !.#. 3.
-LO. 5.S.%7!%22) 1%'.#.2"#$. "6>(2"' "$9(-@&)3 '/-0%-
&"' "$ !%##$",&.J9" 7-/6"0"'"9&"7"?(-"6% ('0!(#$ 9/7.).
#`-"'&)( "6"1&%:(&., #2. &% !.#. 3.
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,#% 19(#@ &%.6"-@B%, . #"#$%'-,($ 130 02. _(#2"$!,
&% &%.2(&@B(( 0"-.:(#$'" '/-0%&"', 2%0#.2%-@&)(
"6>(2) '/-0%&.$"' 3%!%0$(!&) .2(&&" 9-, 9%&&"J
1"&).  " &%+!%'-(&.W "$ P('(!&"7" #(72(&$% 0 h?-
&"2/, ' !%J"&( +!"-.'% N/##"-@, '/-0%&.:(#0.J L!"&$
.17.6%($#, &% 22–23° [1]. <$-.:.$(-@&"J 7("9.&%2.-
:(#0"J 3%!%0$(!.#$.0"J j(&$!%-@&)3 R/!.- ,'-,($-
#, +"-( !%#$,?(&., [13,14], ' "$-.:.( "$ P('(!&"7"
. h?&"7" #(72(&$"' R<S, 79( +!("6-%9%W$ "6-%#$.
#?%$., '" L!"&$%-@&"J 1"&( [1]. O%0?(, +" 9%&&)2
7-/6.&&"7" #(J#2.:(#0"7" 1"&9.!"'%&.,, ' j(&$-
!%-@&"2 #(72(&$( &%3"9.$#, 0!/+&%, !%1!)'&%, 1"&%,
'9"-@ 0"$"!"J ' .#$"!.:(#0"( '!(2, &("9&"0!%$&"
+!".#3"9.-. #.-@&)( 1(2-($!,#(&.,, ' $"2 :.#-( '
2006 . 2007 77. [45]. T%?&" "$2($.$@ +!./!":(&&"#$@
%#$(&"#L(!&"7" %+'(--.&7% 9-, j(&$!%-@&"7" #(7-
2(&$% R/!.- [30] – K$" 2"?($ #-/?.$@ "9&.2 .1 %!-
7/2(&$"' ' +"-@1/ &%3"?9(&., #/69/0=."&&"7" "0&%
&% 2(#$( !%1!)'% +-.$). T$"!)2 %!7/2(&$"2 ' +"-@1/
&($.+.:&"7" #/69/0=."&&"7" 2%72%$.12% 2"?&" "$-
&(#$. . +"')B(&&)( "6>(2) '/-0%&.$"'. O%0, &%+!.-
2(!, 2%0#.2%-@&)( "6>(2) '/-0%&.$"' . &($.+.:&)(
9-, "#$!"'&)3 9/7 3.2.:(#0.( 3%!%0$(!.#$.0. +"!"9
+"1'"-.-. S. S?. O"!0(-#"&/ . 9!. [44] ')9(-.$@
#/69/0=."&&"( "0&" ' +!(9(-%3 P('(!"%2(!.0%&#0"J
0"&$.&(&$%-@&"J "0!%.&).
U("3.2.:(#0.( .##-(9"'%&., '/-0%&.$"' &%1(2-
&)3 '/-0%&"' j(&$!%-@&"7" #(72(&$% R<S +!(9#$%'-
-(&) ' !%6"$( <. P%':/0% [38]. P!%'&.$(-@&" &.10.(
"$&"B(&., Zr/Nb +!. "6X(2 Nb "6"7%X(&.. +"!"9
'/-0%&"' +!"-.'% N/##"-@ +"1'"-.-. %'$"!/ +!(9+"-
-"?.$@, :$" +"')B(&&)( #"9(!?%&., ')#"0"1%!,9-
&)3 K-(2(&$"' (HFSE) #',1%&) # "$0!)$.(2 7!%6(&%
N/##"-@ . +"#-(9/WX.2 '&(9!(&.(2 2%&$.J&"7" +"-
$"0% ' !%&&(2 +-(J#$"=(&(.  !"9"-@&%, 7("3.2.:(-
#0%, 1"&%-@&"#$@ +"9'"9&)3 '/-0%&"' R<S $%0?(
+"9$'(!?9%($ "6"7%X(&.( -.$"L.-@&)2. K-(2(&$%2.
+"!"9 '/-0%&"' +!"-.'% N/##"-@ . W?&"7" "0"&:%&.,
"#$!"'% P.2/B.! (&("+/6-.0"'%&&)( 9%&&)( %'$"!%).
O%0.2 "6!%1"2, 7("3.2.:(#0.( 9%&&)( $%0?( &%3"9,$-
#, ' #""$'($#$'.. # +!(9+"-"?(&.(2 " &%-.:.. #/6-
9/0=."&&"7" "0&% ' +!(9(-%3 j(&$!%-@&"7" #(72(&$%.
<$-.:.$(-@&"J :(!$"J P('(!&"7" .h?&"7" #(7-
2(&$"' R<S ,'-,($#, $", :$" 6"-@B.&#$'" '/-0%&"'
. 2%0#.2%-@&)( #/22%!&)( "6>(2) '/-0%&.$"' +!.-
/!":(&) 0 L!"&$%-@&"J 1"&( # +"#$(+(&&)2 /2(&@-
B(&.(2 9%&&)3 +"0%1%$(-(J 0 $)-/ 9/7. (!.#. 3, 4).
P 9!/7"J #$"!"&), "6>(2) "$9(-@&)3 '/-0%&.:(#0.3
=(&$!"' ' 1%'.#.2"#$. "$ !%##$",&.J 9" 7-/6"0"'"9-
&"7" ?(-"6% 9(2"&#$!.!/W$ 9'% $!(&9% '%!.%=..:
+(!')J $!(&9 3%!%0$(!.1/($#, "$&"#.$(-@&" "9.&%-
0"')2. "6>(2%2. '/-0%&.$"' '&( 1%'.#.2"#$. "$
!%##$",&., 9" 7-/6"0"'"9&"7" ?(-"6%, '$"!"J $!(&9
9(2"&#$!.!/($ /'(-.:(&.( "6>(2"' "$ L!"&$%-@&"J
:%#$. 9" $)-"'"J 1"&). S-, '),'-(&., +!.!"9) 9%&-
&"7" L(&"2(&% &("63"9.2" +!.'-(:(&.( !(1/-@$%$"'
7("L.1.:(#0.3 . 9"+"-&.$(-@&)3 7("3.2.:(#0.3 .#-
#-(9"'%&.J.
-LO. 6. T%!.%=.. "6>(2"' '/-0%&.:(#0"7" 2%$(!.%-%
'9"-@ R<S.
j# – j(&$!%-@&)J #(72(&$.
-LO. 7. ^%#+!"#$!%&(&.( '/-0%&.:(#0.3 =(&$!"' '0!(#$
. '9"-@ R<S.
1 – P('(!&)J #(72(&$, 2 – j(&$!%-@&)J #(72(&$, 3 – h?&)J
#(72(&$.  !.2(:%&.(: ' .&$(!'%- 46.81° #.B. – 47° #.B. +"+%-. 
'/-0%&) 0%0 P('(!&"7" $%0 . j(&$!%-@&"7" #(72(&$"', K$"
#',1%&" # $(2, :$" +,$@ +"9'"9&)3 $)-"')3 '/-0%&"' (6.1, 6.2,
6.3, 6.4, 6.5) !%#+"-%7%W$#, &% +!"9"-?(&.. !%1-"2&"J 1"&)
N!"/$"&% . "&. !%#+"-"?(&) &( #/6+%!%--(-@&" B.!"$%2, %
#-(70% +"9 /7-"2.  !. +"#$!"(&.. 7!%L.0"' 1%'.#.2"#$. B.-
!"$&"7" !%#+"-"?(&., '/-0%&"' +"-/:%($#,, :$" ' "9.& . $"$ ?(
.&$(!'%- +"+%9%W$ '/-0%&) !%1&)3 #(72(&$"'.S%&&%, +!"6-(2%
#3(2%$.:&" .1"6!%?(&% &% !.#. 1 &% 2(#$( 7!%&.=) P('(!&"7"
. j(&$!%-@&"7" #(72(&$"'. P3"?%, 0%!$.&% . # 7!%&.=(J j(&$-
!%-@&"7" .h?&"7" #(72(&$"'.O%0 ' .&$(!'%- 46.1°#.B.– 46.17°
#.B. +"+%- +"9'"9&)J '/-0%& j(&$!%-@&"7" #(72(&$% 6.14, !%#-
+"-"?(&&)J &(9%-(0" "$ #('(!"-1%+%9&"J "0"&(:&"#$. ". !`/+,
+!.&%9-(?%X(7" h?&"2/ #(72(&$/.
1138JK35L D3*-3=*+D(LM -,./0(+*1- C,=+.<)/14 1)*=1-(14 N,2+
T !%6"$( N._.  .#0/&"'% # #"%'$"!%2. [20] &%
"#&"'%&.. %&%-.1% 3.2.:(#0"7" #"#$%'% '/-0%&.$"',
# .#+"-@1"'%&.(2 +!(9-"?(&&"7" %'$"!%2. .&9(0#%
0-%##.L.0%=.., 6)-% +"0%1%&% +"+(!(:&%, +($!"3.-
2.:(#0%, 1"&%-@&"#$@ R/!.-@#0.3 "#$!"'"'.  "#-(9-
&,, ' 9%-@&(JB(2 6)-% .##-(9"'%&% 6"-(( 9($%-@&", #
.#+"-@1"'%&.(2 &"')3 .1"$"+&"-7("3.2.:(#0.3 9%&-
&)3 [29, 32, 36]. _%!,9/ # +"+(!(:&"J 1"&%-@&"#$@W,
!,9"2 .##-(9"'%$(-(J "$2(:%-%#@ +!"9"-@&%, 7("3.-
2.:(#0%, &("9&"!"9&"#$@, 3%!%0$(!.1/WX%,#, '"1-
!%#$%&.(2 ' #('(!&"2 &%+!%'-(&.. ' "9&"$.+&)3 +"-
!"9%3 #"9(!?%&., 0%-., . &(0"$"!)3 9!/7.3 &(0"7(-
!(&$&)3 . !(90.3 K-(2(&$"' [3, 8, 24, 36].  " 9%&&)2
U. . Q'9(J0" # #"%'$"!%2. [23], +-%'-(&.( '"9"#"9(!-
?%X(7" +(!.9"$.$% 2%&$.J&"7" 0-.&% +!".#3"9.$
+"9 '-.,&.(2 L-W.9"', "$9(-,WX.3#, "$ +"7!/?%-
WX(J#, +-.$). ^%1-.:., L!"&$%-@&"J . $)-"'"J 1"&
R<S, +" 2&(&.W %'$"!"', 7-%'&)2 "6!%1"2, #',1%&)
# !%1&"J 7-/6.&"J "$9(-(&., L-W.9"' . !%1-.:&)2
#"#$%'"2 '"9"#"9(!?%X.3 2.&(!%-"' +"9"9'.7%(2"J
+-.$). P3"?%, 7.+"$(1% +!".#3"?9(&., 2%72 6)-%
"+.#%&% .` O%$#/2. # #"%'$"!%2. [43]. A##-(9"'%$(-.
+!(9+"-"?.-., :$" "#$!"'"9/?&)( 2%72) ')+-%'-,-
W$#, +!. 9(7.9!%$%=.. '"9"#"9(!?%X.3 2.&(!%-"'.
O%0?( %'$"!) .1/:.-. +"'(9(&.( '"9"#"9(!?%X.3
L-W.9"' +!. .12(&(&.. $(2+(!%$/!, 9%'-(&.J . +!.-
B-. 0 ')'"9/, :$" ')#"0"&(#"'2(#$.2)( K-(2(&$)
# 6"-@B.2. ."&&)2. !%9./#%2. -(70" +(!(&"#,$#,
L-W.9%2..  !(9+"-%7%(2%, 7.+"$(1% "6>,#&,-% '%!.-
%=.. ')#"0"&(#"'2(#$.2)3 K-(2(&$"' '0!(#$ 9/7..
Q&%-.1 "+/6-.0"'%&&)3 #"'!(2(&&)3, ')#"0"-
$":&)3 7("3.2.:(#0.3 9%&&)3 [12, 16, 17, 28, 38] #'.-
9($(-@#$'/($, :$" 9-, P('(!&"7" . h?&"7" #(72(&$"'
3%!%0$(!&% $.+.:&%, #/69/0=."&&%, 1"&%-@&"#$@ .1-
2(&(&., #"#$%'% '/-0%&.$"' '0!(#$ 9/7.. T#( %'$"!)
#3"9,$#, '" 2&(&.., :$" L!"&$%-@&%, 1"&% L"!2.!/-
($#,, 7-%'&)2 "6!%1"2, 1% #:($ L-W.9"' .1 9(7.9!%-
$.!"'%&&"J "0(%&.:(#0"J +-.$). _% "#&"'( 9%&&)3 "
!%#+!(9(-(&.. !(90.3 K-(2(&$"' . .1"$"+&"J 7("3.-
2.. :%#$@ .##-(9"'%$(-(J, ' :%#$&"#$., h.Q. \%!$)-
&"' . 9!. [16, 36], Q.h.\%!$)&"' . 9!. [17], Dreyer et.
[31], Bergal-Kuvikas et al. [28], +"-%7%W$, :$" +!"=(##
+-%'-(&., #/69/0=."&&"7" "#%90% ' !%1&)3 #""$&"-
B(&.,3 +!.#/X 9-, +!"2(?/$":&"J . $)-"'"J 1"&
R<S.  !"=(&$ +%!=.%-@&"7" +-%'-(&., +"#$(+(&&"
/2(&@B%($#, "$ L!"&$% 0 $)-/, # 2.&.2%-@&)2. 1&%-
:(&.,2. ' $)-/, #""$'($#$'(&&".
 "-/:(&&)( 9%&&)( " !%#+!(9(-(&.. #/22%!-
&)3 "6>(2"' '/-0%&.$"' '0!(#$ 9/7. (!.#. 4) &%3"9,$-
#, ' 3"!"B(2 #""$'($#$'.. # 7("3.2.:(#0.2. 9%&&)-
2.. \%0#.2%-@&)( #/22%!&)( "6>(2) '/-0%&.$"' .
6"-@B.J +!"=(&$ +-%'-(&., 3%!%0$(!&) 9-, L!"&$%
9/7., 2.&.2%-@&)( 1&%:(&., K$.3 +"0%1%$(-(J – 9-,
$)-% R<S.
T 1977 7. R. _%0%2/!% [37] ')9'.&/- +!(9+"-"-
?(&.(, :$" 9-, "6-%#$(J #?%$., 3%!%0$(!(& -.&(J&"-
')$,&/$)J $.+ !%12(X(&., '/-0%&"', +!./!":(&&)3
0 !%1&""!.(&$.!"'%&&)2 !%1-"2%2. Ä$" +"-"?(&.(
3"!"B" #"7-%#/($#, # "#"6(&&"#$,2. !%#+!(9(-(&.,
'/-0%&"' R<S. <6-%#$. %!(%-@&"7" '/-0%&.12% &%3"-
9,$#, &% "#$!"'%3  %!%2/B.!, A$/!/+, !`/+. ^%&((
U.P. U"!B0"' $%0?( ')9(-,- «-.&(J&"-7&(19"'"J»
$.+ %!(%-@&"7" '/-0%&.12% . +!(9+"-%7%- &%-.:.( "6-
-%#$(J .&$(&#.'&"7" #?%$., [7]. U("L.1.:(#0.( 9%&-
&)( +"9$'(!?9%W$ &%-.:.( "6-%#$. #?%$., &% L!"&$(
9/7. [1, 27]. P3"?%, 0%!$.&% !%#+!(9(-(&., '/-0%&"'
&%6-W9%($#, . &% ". Z"&#W (ë+"&.,) [42]. Q'$"!)
[42] +!(9+"-%7%W$ &%-.:.( !%1-"2"' . 2%&$.J&)3
+"$"0"' («hot fingers»), &%+!%'-(&&)3 +(!+(&9.0/-,!-
&" 0 +!"#$.!%&.W ?(-"6%, #-(9#$'.(2 :(7" ,'-,($#,
!%#+"-"?(&.( "$9(-@&)3 '/-0%&.:(#0.3 -.&(J&"-')-
$,&/$)3 3!(6$"' &% 1(2&"J +"'(!3&"#$.. R"-.:(#$'"
'/-0%&"' R<S 2%0#.2%-@&" &% L!"&$( 9/7. (!.#. 3),
3"$, !%12(!) "$9(-@&)3 '/-0%&"' 9"#$%$":&" &(6"-@-
B.( (!.#. 5). T $)-/ 9/7. !%1-"2"' 7"!%19" 2(&@B(,
:(2 '" L!"&$%-@&"J 1"&(, #""$'($#$'(&&", +!",'-(-
&.( &%.6"-(( "6>(2&)3 "$9(-@&)3 '/-0%&"' 7"!%19"
'(!",$&(J, :$" . +"9$'(!?9%($#, &%-.:.(2 9'/3 $!(&-
9"' !%#+!(9(-(&., '/-0%&.$"' "$&"#.$(-@&" ?(-"6%
(!.#. 5). 
;542b+!#$!
T !%6"$( +!(9#$%'-(& !,9 '),'-(&&)3 %'$"!"2
1%0"&"2(!&"#$(J +" 0"-.:(#$'(&&"2/ !%#+!(9(-(&.W
:($'(!$.:&)3 '/-0%&"' . +!"#$!%&#$'(&&"2/ !%#-
+!(9(-(&.W .3 "6>(2"' ' +!(9(-%3 R<S. _% "#&"'(
"+/6-.0"'%&&)3 7("3.2.:(#0.3 . 7("L.1.:(#0.3
9%&&)3 . !(1/-@$%$%3, +"-/:(&&)3 &(+"#!(9#$'(&&"
%'$"!"2 .##-(9"'%&.,, 6)-% #"#$%'-(&% 6%1% 9%&&)3,
'0-W:%WX%, ' #(6, #'(9(&., "6 "6>(2%3 '/-0%&.$"'
'#(3 &%9'"9&)3 . +"9'"9&)3 '/-0%&"' .##-(9/(2"7"
!%J"&%.
N)-. "+!(9(-(&) :.#-(&&)( 1&%:(&., B.!.&)
'/-0%&.:(#0"7" +",#% . '/-0%&.:(#0.3 1"& '0!(#$
9/7. 9-, '#(3 $!(3 #(72(&$"' R<S. <&. 0"!!(-.!/-
W$#, # #(J#2.:(#0.2. 9%&&)2. " !%1-.:&)3 /7-%3
&%0-"&% +"7!/?%WX(J#, +-.$).
S-, P('(!&"7" . h?&"7" #(72(&$"' 3%!%0$(!&)
2%0#.2%-@&)( 0"-.:(#$'% '/-0%&"' . #/22%!&)( "6>-
(2) '/-0%&.$"' '" L!"&$%-@&"J 1"&( . +"#$(+(&&"(
/6)'%&.( 9%&&)3 +"0%1%$(-(J 0 $)-/ 9/7.. <9&%0"
%&%-.1 !%#+"-"?(&., "$9(-@&)3 '/-0%&"' "$&"#.-
$(-@&" ?(-"6% +"1'"-.- '),'.$@ $(&9(&=.W /'(-.-
:(&., .3 "6>(2"' "$ L!"&$% 0 $)-/. U("3.2.:(#0.(
.##-(9"'%&., #'.9($(-@#$'/W$, :$" #"#$%' '/-0%&.-
#3=20.<-C,-+/0)114
$"' '0!(#$ 9/7. 2(&,($#, ' #""$'($#$'.. # '-.,&.(2
#/69/0=."&&)3 L%0$"!"' (9(7.9!%$%=., +"7!/?%W-
X(J#, +-.$) # !%1-.:&)2. #$%9.,2. "$9(-(&.J '"-
9"#"9(!?%X.3 L-W.9"' ., +" &(0"$"!)2 9%&&)2, #
+-%'-(&.(2 #/69/0=."&&"7" "#%90%) . # .12(&(&.(2
+!"=(&$% +%!=.%-@&"7" +-%'-(&., 2%&$... _%.6"-@-
B.( #/22%!&)( "6>(2) +!"9/0$"' '/-0%&.12% . &%-
.6"-@B.J +!"=(&$ +-%'-(&., 3%!%0$(!&) 9-, L!"&-
$%-@&"J 1"&), +" 2(!( +!"9'.?(&., +-.$) ')+-%'"0
.1 2%&$.. #$%&"'.$#, '#( 2(&@B(, #""$'($#$'(&&",
'#( 2(&@B(( 0"-.:(#$'" 2%72 #+"#"6&" 9"#$.7%$@
+"'(!3&"#$@ 4(2-.. A&$(&#.'&)J +!"=(## #?%$.,
' L!"&$%-@&"J "6-%#$. R<S 0"&$!"-.!/($ -"0%-.-
1%=.W $(0$"&.:(#0.3 !%1-"2"' . +!./!":(&&)3 0
&.2 -.&(J&"-')$,&/$)3 7!/++ '/-0%&"'. R%0 #-(9#$-
'.(, &%.6"-@B(( 0"-.:(#$'" '/-0%&"' +!./!":(&" 0
L!"&$%-@&"J 1"&(, 0 $)-/ 9/7. !%1-"2"' #$%&"'.$@#,
'#( 2(&@B(, #""$'($#$'(&&", . 0"-.:(#$'" '/-0%&"'
/2(&@B%($#,, &" "6>(2) "$9(-@&)3 $)-"')3 '/-0%-
&"' 9"#$%$":&" 6"-@B.(.
\%0#.2%-@&)( "6>(2) +!"9/0$"' '/-0%&.1-
2% 3%!%0$(!&) 9-, j(&$!%-@&"7" #(72(&$%. A&$(&-
#.'&)J +!"=(## !%#$,?(&., 0"&$!"-.!/($ 19(#@
&%-.:.( 0!/+&)3 0%-@9(!""6!%1/WX.3 #$!/0$/!.
U-/6.&&"( #(J#2.:(#0"( 1"&9.!"'%&.( . 9%&&)(
#(J#2.:(#0"J $"2"7!%L.. #'.9($(-@#$'/W$ " &(-
"9&"!"9&"#$. #/69/=.!/WX(J +-.$) ' +!(9(-%3
j(&$!%-@&"7" #(72(&$%, (( !%#$,?(&.. . !%1!)'&"2
&%!/B(&.., #"+!"'"?9%WX(2#, %#$(&"#L(!&)2 %+-
'(--.&7"2. ^(1/-@$%$) 7("3.2.:(#0.3 .##-(9"'%&..
#'.9($(-@#$'/W$ "6 %&"2%-@&"2 '/-0%&.12( ' 9%&-
&"2 #(72(&$(, 3%!%0$(!.1/WX(2#, "$&"#.$(-@&"
')#"0.2. #"9(!?%&.,2. -.$"L.-@&)3 K-(2(&$"'
[36] ' '/-0%&.$%3, :$" &( $.+.:&" 9-, 0-%##.:(#0"J
"#$!"'"9/?&"J "6#$%&"'0.. 4%'.#.2"#$. 0"-.:(#$'%
'/-0%&"' . .3 "6>(2"' "$ !%##$",&., 9" 7-/6"0"'"9-
&"7" ?(-"6% ' j(&$!%-@&"2 #(72(&$( &( '),'-(&".
O%0.2 "6!%1"2, 2"!L"#$!/0$/!&)J %&%-.1 "6>(2"'
'/-0%&.$"' ' #"'"0/+&"#$. # 9%&&)2. 7("3.2.. .
7("L.1.0. 0"#'(&&" +"9$'(!?9%W$ 7.+"$(1/ #/69/0-
=."&&"7" "0&% ' +!(9(-%3 j(&$!%-@&"7" #(72(&$%
R<S.
&259%"5-#%7,$
Q'$"! 6-%7"9%!.$ &%/:&"7" !/0"'"9.$(-, –
+!"L(##"!% U. . Q'9(J0", 1% !/0"'"9#$'" !%6"$"J, a
$%0?( 1% +"2"X@ . #"9(J#$'.( &% '#(2 +!"$,?(&..
+"97"$"'0. !/0"+.#. 0 +(:%$.. Q'$"! ')!%?%($ 7-/-
6"0/W +!.1&%$(-@&"#$@ !(=(&1(&$%2 1% 1%2(:%&., .
"6#/?9(&.( 2%$(!.%-"' +/6-.0%=.., :$" +"1'"-.-"
1&%:.$(-@&" +"')#.$@ .3 0%:(#$'". ^%6"$% ')+"-&(&%
+!. L.&%&#"'"J +"99(!?0( 7!%&$"' ST< Q^_ 13-III-
T-08-194, ^}}A 12-05-31362.
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O.V. Bergal-Kuvikas 
Volumes of quaternary volcanic material of the Kuril Island Arc: analysis of spatial variations in
correlation with subduction zone
The use of satellite imageries of high resolution and geological data enabled us to calculate the volumes of 
the Quaternary volcanoes of the Kurile Island Arc (KIA). Previously determined Northern, Southern and
Central segments of the arc differ in a number of geodynamic parameters and volumes of igneous volcanic
rocks. Northern and Southern segments are characterized by the maximum number of volcanoes and the total 
volumes in the frontal zone with gradual decrease of these indices to the rear of the arc. Also, there was a trend
of increasing volumes of individual volcanic rocks from front to rear of the arc. At the same time, were found 
volcanic structures, the size of which does not depend on the location relative to subducting plate. The analysis 
of the published geochemical and geophysical data together with the results obtained suggested that the number 
of volcenoes and their location relative to the trough in the Northern and southern segments are governed by 
the compression processes in the frontal zone.  Various degrees of partial melting explain the distribution of
the total volumes relative to the trough. The Central segment is distinguished by the maximum volumes of 
volcanism relative to other segments of KIA. The dependence on the distance from the deep-seated trough 
here is not revealed. Geophysical studies indicate a powerful dislocation with a break in continuity within this
segment accompanied by asthenosphere upwelling. Comparing the results of the morphostructural analysis of 
the distribution of volumes of Quaternary volcanism and previously published materials on geochemical study 
of rocks suggest the presence of a slab window in the Central segment of the Kurile Island Arc.
Key words: Kurile Island Arc, volumes of volcanism, subduction, slab window.
